Background. This prospective observational study sought to assess the rate of full and empty stomach in elective and emergency patients and to determine the factors associated with full stomach. Methods. Non-premedicated patients were consecutively included between May 2014 and October 2014. Ultrasound examination of the gastric antrum was performed by an operator blinded to the history of the patient. It included measurement of the antral cross-sectional area, performed in the supine position with the head of the bed elevated to 45
Increased gastric content volume may contribute to the occurrence of pulmonary aspiration of gastric contents, one of the most feared complications related to general anaesthesia. 1 2 Preoperative fasting guidelines were therefore proposed in order to reduce gastric content volume in elective patients and, consequently, to minimize the risk of regurgitation and pulmonary aspiration. 3 4 In clinical practice, physicians are regularly faced with emergency patients who have fasted for various durations, ranging from a few minutes to several hours. There is a lack of data as to the status of gastric content and volume, leading to discrepancies between preoperative fasting guidelines regarding their applicability in the setting of emergency surgery. 3 4 Furthermore, gastric content volume may be high after prolonged fasting, exposing some elective patients to increased risk for pulmonary aspiration, [5] [6] [7] yet the prevalence and predictive factors for high gastric content in elective patients who have fasted remains uncertain. Ultrasound examination of the gastric antrum has been described for the successful assessment of gastric content and volume, with high intra-and inter-rater reliability. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Perlas and colleagues 13 have described a qualitative grading score, based on the presence, or not, of gastric content in the antrum when ultrasound examination was performed in the supine position and in the right lateral decubitus position. The appearance of any gastric content in both positions may correspond to high gastric volume, as previously assessed in elective patients undergoing upper gastrointestinal endoscopy, 14 whereas no appearance of gastric content in both positions may correspond to empty stomach. 13 14 Furthermore, the measurement of the antral cross-sectional area in the semirecumbent position is reported to be highly predictive of empty stomach, when antral area is <340 mm 2 .
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Using this non-invasive tool for the assessment of gastric content volume, the present prospective cohort study aimed to assess the prevalence of full and empty stomach in elective and emergency patients and to determine the factors associated with full stomach in a large cohort of elective and emergency surgical patients.
Methods
This prospective observational cohort study received approval (L14-160) from the local ethics committee (Comité pour la Protection des Personnes Sud-Est IV, Lyon). The methodology followed the recommendations of the STROBE (Strengthening the Reporting of Observational studies in Epidemiology) statement. 18 The study was conducted between May 2014 and October 2014 in a university hospital (Hô pital Edouard Herriot) in Lyon, France. Patients were recruited according to operator availability (three physicians, L.B., C.A., and E.B., with a practice of at least 50 gastric ultrasounds). Patients received information about the study during the preoperative visit and gave oral consent to the attending anaesthetist upon their arrival at the operating theatre. The local ethics committee stated that written consent was unnecessary because ultrasound assessment of gastric content is usually performed in our unit. The study was therefore considered as being observational and non-interventional, requiring only the patient's oral consent.
Adult patients undergoing elective or emergency surgery were consecutively screened for eligibility. Exclusion criteria were pregnancy, any oral premedication given within 6 h before arrival in the operating theatre, and patient refusal.
A preoperative ultrasound examination of the gastric antrum was performed for each patient by one of the operators blinded to the history of the patient, using ultrasonography (SonoSite, S-Nerve TM , Inc., Bothell, WA, USA, fitted with a 2-5.5 MHz probe), to obtain a sagittal cross-section of the antrum in a plane including the left lobe of the liver and the aorta, as previously described. 10 19 20 All examinations were performed with the patient placed in the semirecumbent position (i.e. supine position with the head of the bed elevated to 45 ) and then, whenever feasible, in the right lateral decubitus position. This examination allowed qualitative assessment of gastric contents, according to the three-point grading scale previously described by Perlas and colleagues. 13 Grade 0 was defined by the absence of appearance of any content in a flat antrum in both the semi-upright and the right lateral decubitus positions. Grade 1 was defined by the appearance of any gastric content in the right lateral decubitus position only, and Grade 2 was defined by the appearance of any content in both the right lateral decubitus and the supine positions. The antral cross-sectional area was also calculated in the semirecumbent position, by measuring the longitudinal diameter (D 1 ) and the anteroposterior diameter (D 2 ) of the antrum between antral contractions, from serosa to serosa, using the following formula:
According to the ultrasound examination of the antrum, the stomach was considered as empty (low risk of pulmonary aspiration of gastric contents) in the presence of either Perlas Grade 0 irrespective of the antral area, or Perlas Grade 1 with antral cross-sectional area <340 mm 2 . Conversely, a full stomach (increased risk of pulmonary aspiration of gastric contents in the event of general anaesthesia) was defined as Perlas Grade 2, irrespective of the antral area. Intermediate stomach contents were defined by Perlas Grade 1 and antral area >340 mm 2 . Patient characteristic data (age, sex, weight, height, BMI, and ASA physical status classification), fasting duration (defined as the time between last meal ingestion, inclusive of all types of dairy products, and ultrasound examination), type of elective and emergency surgery, preoperative morphine consumption (whether for acute or chronic pain), and complications, such as regurgitation and pulmonary aspiration occurring during induction and the recovery period, were recorded for analysis.
Statistical analysis
Statistical analysis was performed using MedCalc V R version 12.1.4.0 for Windows (MedCalc Software, Ostend, Belgium). After Editor's key points
• Pulmonary aspiration of gastric contents is the major cause of death related to general anaesthesia, but incidence and risk factors of full stomach are still not clear.
• Preoperative ultrasound examination of the gastric antrum was performed to assess the incidence and risk factors of full stomach.
• The incidence of full stomach was 5% in elective patients and 56% in emergency patients. Obesity, diabetes mellitus, emergency surgery, and preoperative consumption of opiates were risk factors for full stomach. Univariate and multivariate logistic regression analysis were used to identify variables associated with a full stomach, producing odds ratios (OR) with 95% CI. For construction of multivariable models, all variables associated (P<0.1) with full stomach in univariate analysis were subjected to a stepwise logistic regression analysis. Potential confounding factors were eliminated if the P-value was >0.1, but remained in the model if the P-value was <0.05. The variables tested were as follows: age, sex, emergency vs elective surgery, type of surgery, BMI, obesity (defined by BMI !30 kg m À2 ), preoperative morphine consumption, fasting duration, fasting duration for solids <6 h, diabetes mellitus (including type 1, or type 2 requiring insulin injections or not), gastro-oesophageal reflux that had been previously investigated, treated, or both (with or without hiatal hernia), chronic renal disease [glomerular filtration rate <60 ml min
months], hypothyroidism, and ASA physical status. The goodness of fit of the logistic regression for multivariate analysis was assessed using the Hosmer-Lemeshow test, and the predictive value of the multivariate analysis was assessed using a receiver operating characteristic curve. We hypothesized that 3% of elective patients would have a full stomach. 13 To show this, the inclusion of 175 elective patients was required. We decided to enrol at least 200 elective patients during 5 months in this prospective observational study, in order to take into account both the availability of the operators and the risk of inconclusive examinations. During this period, the inclusion of at least 200 emergency patients was expected, allowing reliable regression logistic analysis with all variables mentioned above.
Results
Four hundred and ninety-five patients were enrolled during the study period: 289 emergency patients and 206 elective patients (Fig. 1) . The antrum could not be seen in 39 (14%) emergency patients and in 16 (8%) elective patients (P¼0.06 between elective and emergency patients). Hence, the overall rate of failures was 11% (95% CI: 8-14%).
The analysis was performed on the 440 remaining patients (250 emergency patients and 190 elective patients). Baseline characteristics are set out in Table 1 . Among the 39 patients with diabetes mellitus, five had uncomplicated diabetes type 1, 22 had uncomplicated diabetes type 2, and 12 had diabetes type 2 requiring insulin injections.
The main elective surgical procedures were as follows: orthopaedic surgery (n¼54, 28%); ophthalmological surgery (n¼42, 22%); ear, nose, and throat surgery (n¼39, 21%); urological surgery (n¼34, 18%); and others (n¼21, 11%). The main emergency surgical procedures were as follows: trauma surgery with fracture (n¼84, 34%); wound surgery (n¼82, 33%); digestive surgery (n¼34, 14%); ophthalmological surgery (n¼21, 8%); urological surgery (n¼15, 6%); and others (n¼14, 6%).
The settling into the right lateral decubitus position was not feasible in 66 (26%) emergency patients because of acute pain related to trauma (n¼47) or because mobilizing the patient was not desirable (pelvic or spinal trauma, n¼19). Of these 66 patients, 32 were Perlas Grade 2 (gastric content seen in the semirecumbent position), whereas no definitive conclusion between Grade 0 and Grade 1 could be made when no gastric content was seen in the supine position for the 34 remaining patients. Of these 34 patients, 21 had an antral area <340 mm 2 , corresponding to an empty stomach, as defined above. Hence, the combination of the Perlas grading system with the measurement of the antral area led to a reduction in the rate of doubtful examinations with respect to the gastric content status from 34 (14%) emergency patients according to the sole qualitative assessment to 13 (5%) emergency patients according to the combination of the qualitative grading scale and measurement of antral area (P¼0.02; Table 2 ).
There was a statistically significant difference in the rates of empty, intermediate, and full stomach between elective and emergency patients ( Table 2 ). The rate of full stomach was 56% (95% CI: 50-62%) among emergency patients, whereas it was 5% (95% CI: 2-9%) among elective patients (P<0.0001).
Among the 10 elective patients with a full stomach, four had risk factors for delayed gastric emptying (diabetes mellitus, n¼3; and prolonged treatment with morphine, n¼1), two did not apply preoperative fasting instructions (last meal consumed within 6 h), and two were obese. The operation for two patients was cancelled, five were operated under local or regional anaesthesia, and three were operated under general anaesthesia, with tracheal intubation instead of planned laryngeal mask airway (n¼2), and after rapid sequence induction and tracheal intubation for one patient. A total of four elective patients did not apply fasting instructions: two had a full stomach, while the two others had an intermediate stomach. One of them spontaneously said that he did not follow the fasting instruction, while the three others were fortuitously detected when performing ultrasound examination of the antrum.
Univariate analysis showed that fasting duration for solids <6 h, preoperative morphine consumption, obesity, diabetes mellitus, and emergency surgery were significantly associated with preoperative full stomach in the overall analysed population (Table 3) . According to multivariate analysis, emergency surgery, diabetes mellitus, preoperative morphine consumption, and obesity were independently associated with full stomach (Table 3 ). The Hosmer-Lemeshow goodness-of-fit test for logistic regression was not significant (P¼0.81), reflecting that the model is correctly specified. The area under the receiver operating characteristic curve for multivariate analysis was 0.84 (95% CI: 0.80-0.87).
Univariate and multivariate analyses performed separately in elective patients and in emergency patients are set out in Tables S1 and S2. There was no significant relationship between the type of elective or of emergency intervention performed and the risk for a full stomach (Tables S1 and S2 ). The area under the receiver operating characteristic curve for multivariate analysis in elective patients was 0.86 (95% CI: 0.78-0.93), and in emergency patients it was 0.56 (95% CI: 0.49-0.62). The HosmerLemeshow goodness-of-fit test for logistic regression was not significant for both multivariate analyses (P¼0.10 and P¼0.70, for analysis performed in elective and emergency patients, respectively).
In the subgroup of emergency trauma patients, fasting duration was not significantly associated with full stomach (univariate OR: 0.97; 95% CI: 0.93-1.02; P¼0.31), whereas the time between injury and ultrasound examination of the antrum was associated with a decreased risk of full stomach (OR: 0.97; 95% CI: 0.95-0.99; P¼0.04) in univariate analysis, but not in multivariate analysis.
No patient in the cohort aspirated gastric contents. 
Discussion
In this prospective cohort study, ultrasound examination of the gastric antrum was conclusive in almost all patients and showed that more than half of emergency patients had a full stomach, whereas 5% of elective patients did so. In the present study, full and empty stomach were defined using a composite ultrasound grading scale, combining qualitative assessment of gastric contents based on the grading scale previously described by Perlas and colleagues 13 and the measurement of the antral cross-sectional area in the semirecumbent position. In fact, the appearance of any fluid or solid contents in the antrum in the semirecumbent position (Grade 2 antrum) corresponds to significant gastric content volume. 20 Perlas and colleagues 13 14 ], that 75% of patients with a Grade 2 antrum may have a gastric volume >100 ml, and >50% of such patients may have gastric fluid volume >250 ml. Hence, Grade 2 antrum may be considered as corresponding to a full stomach, with increased risk for regurgitation and pulmonary aspiration of gastric content in the event of general anaesthesia. Conversely, Perlas and colleagues 13 reported that Grade 0 antrum corresponded to a predicted mean (SD) gastric volume of 0 (2) ml (i.e. to an empty stomach). Grade 1 antrum is associated with lower gastric volume than Grade 2 antrum, but may correspond to gastric fluid volume >100 ml (>1.5 ml kg À1 ) in almost a quarter of patients and cannot be considered as necessarily safe. 13 14 In non-pregnant adult patients, the measurement of the antral cross-sectional area in the semirecumbent position relates positively to the volume of gastric contents, 10 12 and a cut-off value of 340 mm 2 was reported for the diagnosis of risk stomach, with high sensitivity and high negative predictive value. 10 Thus, the likelihood of having an empty stomach (no solid content, gastric fluid volume <0.8 ml kg À1 , or both) when antral area is <340 mm 2 is high (94%). 10 Patients with both Perlas Grade 1 and antral area <340 mm 2 were therefore considered as having an empty stomach in the present study, whereas those with both Perlas Grade 1 and antral area >340 mm 2 were considered as having an intermediate gastric content. In our study, almost a quarter of elective patients had an intermediate gastric content. This intermediate gastric status may correspond to gastric fluid content >0.8 ml kg
À1
, that is, to a gastric fluid volume beyond the critical volume at risk of severe clinical consequences of pulmonary aspiration when combined with other risk factors favouring or causing episodes of gastro-oesophageal reflux (for example, inappropriate anaesthetic technique leading to coughing/straining, or difficulties in airway management). 10 22-25 The right lateral decubitus position was not feasible in a quarter of emergency patients. For around half of these, discrimination between Grade 0 and Grade 1 antrum was therefore not feasible. For many such patients, the use of antral area avoided a doubtful conclusion as to gastric content volume. This emphasizes the advantage of using our composite scale for estimating gastric content volume that combines qualitative assessment and measurement of the antral cross-sectional area in the semirecumbent position.
In the present study, emergency surgery, diabetes mellitus, preoperative morphine consumption, and obesity were the four factors independently associated with full stomach among elective and emergency surgery patients as a whole. This result is not surprising, because these factors are classically associated with delayed gastric emptying and increased gastric content volume. [26] [27] [28] Conversely, we did not find any significant relationship between increased ASA physical status and full stomach, although increased ASA physical status is known to be one of the main risk factors for pulmonary aspiration of gastric contents. 26 This result is likely to be related to the insufficient number of patients with ASA physical status >II for statistical significance in the population studied and should be corroborated in further trials. In the same way, chronic renal disease and hypothyroidism were not associated with full stomach. Owing to the low frequency of these pathologies in the studied cohort, the possibility cannot be excluded that the absence of association was attributable to insufficient power to show a relationship between these diseases and the risk of full stomach. Interestingly, neither preoperative fasting duration nor fasting duration for solids <6 h was associated with a full stomach in emergency patients. Although the mean fasting duration was prolonged in emergency patients (because of intrahospital organizational factors), the majority had a full stomach. This result corroborates the non-applicability of the guidelines for preoperative fasting to emergency patients, as stated by the ASA Committee on Standards and Practice Parameters in their guidelines. 3 Hence, our results contradict the Scandinavian practice guidelines on general anaesthesia for emergency situations, which state that 'patients scheduled for emergency surgery are considered fasting if more than 2 h has elapsed since the last intake of clear fluids and more than 6 h have elapsed since the last meal'. 4 According to our results, an emergency procedure is one of the main risk factors for full stomach, independently of the fasting duration. In this setting, gastric content volume is poorly predictable, as demonstrated by the poor predictive value of the multivariate analysis performed in emergency patients, and should therefore be assessed before surgery by performing an ultrasound examination of the gastric antrum.
The rate of full stomach was 5% in elective patients. Several studies previously reported that gastric fluid volume may reach values >80-100 ml for a proportion of fasting patients. 5-7 29 However, the rate of full stomach in elective patients has remained speculative. Perlas and colleagues 14 recently reported a similar rate of full stomach in their elective patients, because seven of 200 (3.5%; 95% CI: 1-6%) of them had antrum Grade 2 and an increased value of antral cross-sectional area, leading to regurgitation and pulmonary aspiration of gastric content in one patient. In the present study, multivariate analysis found that diabetes mellitus and chronic treatment with opiates, both factors for prolonged gastric emptying, were significantly associated with a full stomach in elective patients. Non-respect of preoperative fasting was also an independent risk factor for full stomach, which was spontaneously admitted by only one of the four patients who did not follow the fasting instruction. As the predictive value of the multivariate analysis was high in elective patients, one could suggest that preoperative ultrasound assessment of gastric content should be performed in elective patients with diabetes mellitus or receiving chronic treatment with opiates, and in those who declare not to have followed preoperative fasting instructions. This study has several limitations. Firstly, gastric content was assessed using only a non-invasive tool and was not measured directly. However, insertion of a gastric tube for suctioning of gastric contents is not feasible in patients operated under local or regional anaesthesia, and the use of non-invasive methods for estimating gastric volume (gastric tomodensitometry or magnetic resonance imaging) would not have been feasible in this large cohort of elective and emergency patients. Besides, these tools are not definitive standard methods for the assessment of gastric contents because they have their own limitations, whereas qualitative and quantitative ultrasound assessment of gastric content has been widely assessed in previous studies. 8 10-15 Another limitation is the performance of ultrasound examinations by three operators. However, qualitative and quantitative assessments of the antrum are easy to perform and highly reproducible, as previously reported. 8 Finally, a low proportion of elective patients underwent general surgery in our study. One cannot exclude the possibility that preoperative surgical pathology of the stomach would have contributed to impair gastric emptying and to increase gastric content before induction of anaesthesia. This should be assessed specifically in further studies. In conclusion, the combination of the qualitative and the quantitative ultrasound examination of the gastric antrum was feasible in almost 90% of patients and showed that 5% of elective patients and 56% of emergency patients had a full stomach, despite prolonged fasting duration. Preoperative morphine consumption, obesity, diabetes mellitus, and emergency surgery were factors independently associated with full stomach. We suggest that preoperative ultrasound assessment of gastric content should be performed in all emergency patients and in elective patients with diabetes mellitus or receiving chronic treatment with opiates, or those who did not follow fasting instructions, in order to guide the anaesthetist in the choice of the most appropriate induction technique. The impact of such an ultrasound-guided strategy on the overall rate of complications related to general anaesthesia in elective and emergency patients should be assessed in further trials.
